HE discovery of thiouracil and its derivatives as potent substances for inhibiting the function of the thyroid gland (Astwood, ~943; Astwood et al.,  I94 ~ and McGinty and Bywater, I94g) has made it possible to study some of the effects of limiting thyroid functions. A detailed report indicative of the effects of these substances on the thyroid gland is given by Astwood et al. (~943) . They reported rapid enlargement of the thyroid glands of rats during the first few weeks of treatment. Microscopic examination showed a marked hyperplasia of the follicular epithelium, a decrease in stored colloid and an increase in vascularity of the glands. The thyroid glands of rats treated for two to six months with a diet containing ~ percent sulfagaanidine or o.~ percent thiourea in the drinking water still exhibited an orderly cellular arrangement and upon cessation of treatment the glands rapidly regressed toward a normal condition.
Increased blood cholesterol has been associated with thyroidectomy and hypothyroidism of the dog (Schmidt and Hughes, i938; Thompson and Long, I941; Entenman, Chaikoff and Reichert, 194 :0, of infant rhesus monkeys (Fleischmann et al., 1943) and of humans (Hurxthal and Simpson, I941) . Wilkins et al. (194~a, I941b) found serum cholesterol to be higher in hypothyroid than in normal children. No significant trend in serum cholesterol of adult rhesus monkeys occurred as a result of administering thiouracil (Aranow et al., 1946) Leukopenia and granulocytosis have occurred frequently as a result of administering thiouracil and thiourea to humans and similar findings have been reported with rats by Goldsmith et al. (1944) and Williams et al. (i944) . Hughes (I944) found a slight but statistically significant difference in tile hemoglobin levels of thiouracil-treated and control rats. Levin and Leathem ('94~) reported an increase in the serum globulin of rats as a result of thyroidectomy and an increase was also shown by Leathern (t945a) (I945b) as a result of administering thiourea.
Evidence that the thyroid plays a part in the conversion of carotene to t Contribution from the Department of Animal Husbandry, Journal Paper No. 448, Purdue University Agricultural Experiment Station, Lafayette, Indiana.
2 A condensation of a portion of the thesis pre~nted to the Graduate Faculty at Purdue University by the senior author in partial fulfillment of the requirements for the degree of Doctor of Philo..sophy, June, 1947. 3 The authors expre~ their appreciation to Dr. K. K. Chert and Eli Lilly and Company for the thiouracil and propyIthiouracil and to Dr. W. R. Graham and the C.erophyl Laboratories for the thyropmtein used.
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vitamin A has been indicated by Wen& (:935) and Wohl and Feldman (I939) . Clausen and McCoord (1938) reported that in the majority of cases of human hypothyroidism, plasma carotene was high and plasma vitamin A was low.
Little information is reported in the literature relative to the effect of hypothyroidism on blood sugar. Bodansky 09~4) reported that there is a tendency for blood sugar to be low. In a review Houssay 0946) points out that it has been shown ill severe thyroid deficiency in certain animals and man that fasting blood sugar is usually normal or slightly low. Althousen and Stockhohn (1938) reported that dextrose absorption from the intestines was low after thyroidectomy.
The Fossible use of thiouracil and similar drugs to enhance fattening efficiency of lambs emphasized the importance of studying the physiological effects of these drugs on sheep.
Experimental
The ettects of thiouracil, propylthiouracil, thiourea and thyroprotein on the thyroid glands of feeder lambs were studied in seven different experiments from i945" to r948.
Ill three of the experiments (designated experiments I, II and Ill) the drugs were incorporated in the feed of full-fed western lambs. The details of feeding and management of these animals are presented in previous papers (Andrews et al., i947; Barrick et al., 1949) . The average daily drug intake per animal for the various treatments is shoacn in table :. Each of the treatments in Experiments II and III were replicated 4 times except the thyroprotein treatments in Experiment llI which were replicated only twice. ~fhyroid glands were obtained from approximately one-half of the animals in each lot or replication at the time of slaughter.
Four experiments (designated Experiments IV, V, VI, and VII) were conducted in which the drugs were administered individuaUy to feeder lambs in capsule or tablet form. These animals were used for blood studies as well as for studymg the effects of the treatments on the thyroid glands. Xhe daily treatments and period of treatment are indicated in the headings of table ~. With the exception of Experiment IV all the animals were group fed and one-half of the daily drug dosage was administered orally prior to the morning and evening feed with a bailing gun. The animals m Experiment V were divided into trios with a member of each trio on each of three treatments. These animals were fed individually and the feed intake was equalized for all members of a trio.
Western feeder lambs were used in Experiments IV, V and VII and pure-bred Rambouillet, Southdown, Shropshire and crossbred Hampshire X Rambouillet lambs which were obtained from the University Flock were used in Experiment VI.
During the progress of Experiment IV one-half the animals were bled each week for the determination of blood hemoglobin, cholesterol, glucose, leukocyte and erythrocyte counts. Total blood plasma protein, albumin, and globulin analysis were made on each animal three times during the latter part of the experiment. Carotene and vitamin A determinations were made on each animal after 78 days of dry lot feeding and 5 and 9 days after the animals had been permitted to graze green pasture to increase the carotene intake.
Blood studies were made on the trios with equalized food intake (Experiment V). One member of each trio served as a control, one received i.o gm. of thiouracil and one received o.i gin. of propylthiouracil. Five trios received the above treatment and the drug treatment was doubled for one trio. All animals were bled weekly for cholesterol, carotene and vitamin A determinations and during each two-week period for determination of total protein, albumin, globulin and fibrmogen.
In Experiment VII frequent checks were made of the blood plasma cholesterol values for each animal and the carotene and vitamin A content were checked 4 times during the progress of the experiment.
During the latter part of Experiment I a check was made on ~ or more of the lambs on each treatment for blood hemoglobin, leukocyte counts and blood plasma vitamin A levels. Blood plasma cholesterol was determined on 1 of the lambs and blood plasma vitamin A on approximately { of the lambs on each treatment of the latter part of Experiment III.
Blood for analysis was drawn from the jugular vein into oxalated tubes, placed in an ice water bath and taken immediately to the laboratory for analysis. Hemoglobin was determined by the method of Evelyn (t936) , cholesterol by a modification of the method of [:joan and Walter (I937), blood sugar by a modification of , total protein, albumin, globulin and fibrinogen by a moclification of the method given by Hawks and Bergeim (I937), and vitamin A by a modification of Kimble's procedure (1939) . Tissues were fixed at the time of slaughter and prepared for microscopic examination. Erythrocyte counts were made by standard procedures using hemocytometer counting chambers.
Results and Discussion

Thyroid Size and Histology
The ett~:ct on gross thyroid weight of administering the drugs (thiouracil, propylthiouracil, thiourea and thyroprotein') with the feed are shown m to the refusal of the protein pellets containing thiourea by the lambs. The protein pellets containing thiouracil were not consumed in the quantities planned which would have given a thiouracil intake of 88 gin., 89 gin., i gin. and gin.
The thyroid glands of the lambs which received either thiourea or thi, ouracil in this experiment showed clear cut and rather uniform evidence of stimulation. Of the 69 glands of treated animals examined microscopically only three were not classified as hyperplastic, and the follicular epithelium of the three was definitely hypertrophic. In most of the treated animals examined the thyroid follicles were made up of tall columnar epithelial cells which were usually present in increased numbers. The follicles were frequently irregular in form because of the extreme hyperplasia and usually contained little if any colloid. Numerous small follicles in which the lumen was very much reduced in size were seen and in about 2o percent of the glands the follicular epithelium appeared to be disorganized. There was no marked histological difference between either the thiouracil or thiourea lots or between the animals receiving different amounts of these drugs.
The thyroid glands of the control animals were not entirely normal. Two of the Io control glands were classified as hyperplastic, and columnar epithelium was observed in four. However, the thyroids of the control animals were grossly and microscopically different from those of the treated lambs. Five glands were classified as normal and all but two had large quantities of stored colloid.
The administration of thiouracil and propylthiouracil did not cause any increase in thyroid size or measurable histological changes in Experiment II in the winter of I946-47. In these trials thyroid weight was greatest, although normal, in control lambs (table i) An analysis of the data showed that the sheep which received o.4 gin. of thiouracil or o.o3 gin. of propylthiouracil daily had significantly smaller thyroids than the controls (P <o.m). The thyroids of the lambs which received o.~ gm. of thiouracil were significantly heavier than those of lambs which received o.4 gin. of thiouracil (P <o.o5), and significantly lighter than the controls (P <0.05).
Microscopic examination of the thyroids of 89 the lambs from each lot did not reveal any evidence of stimulation as a result of treatment. The thyroids of the control group and a few of the thyroids from the treated groups showed hyperplasia with some hypertrophy, but the degree of stimulation was not comparable to that observed in ~945-46. Large amounts of stored colloid were present in many glands from the treated groups. It must be concluded that the thyroid histology was not significantly altered by treatment in i946-47.
In Experiment III conducted in the winter of I947-48 the effect of thiouracil on the thyroid glands tended to be similar to that observed the previous year. The thyroid glands of animals receiving 0.4 gin. and o.6 gin. of thiouracil were lighter than those of the controls. This difference was not statistically significant, however. The thyroids of the lambs receiving o.5 gm. of thyroprotein were significantly heavier (P<o.m) than those from the lambs which received thiouracil and also heavier than those from the control lambs (P <0.05). The glands from the Iambs which received Lo gin. of thyroprotein were somewhat heavier than those from the thiouracil treated iambs although this difference was not statistically significant.
Histologically there were no obvious ditterences in the thyroid glands from the control and the thiouracit-treated animats. The glands from the lambs which received thyroprotein, however, were different;-all contained tow cuboidal or nearly flat epithelial cells, an abundance of colloid and were in an inactive or resting state in most instances. As in the previous experiment the thyroid glands from the control animals were not all normal histo-logically and showed some evidences of stimulation. About one,half of the glands of the controls showed epithelial hypertrophy and about one-third of the glands showed hyperplasia. Iodized salt was fed to one-half of the lambs on each treatment and this did not influence the size or histology of the thyroid glands.
Thiouracil administered in capsule or tablet form at the rate of .~ gm. to I.~ gln. per lamb daily (Experiments IV, V, VI, and VII) did not increase thyroid weight (table 2) nor produce histological changes different from those observed in the control animals.
The control thyroids as well as those treated with thiouracil were enlarged in Experiment IV. These animals were from the same original group as those used in Experiment 1 and were approximately 4 months older at the time of slaughter. The average thyroid weight of the control lambs in Experiment I was only 2.3o gin. whereas it was ~4.2o gm. for similar control animals in Experiment IV. It is possible that this increase m size was a result of borderline iodine deficiency. The lambs were wintered on a farm where iodine deficiency had previously occurred. The thyroid glands from the sheep which received i gin. and 3 gm. of thiouracil daily showed more histological evidence of stimulation than those from the control animals although this difference was not marked and the difference in gross thyroid weight was not significant.
The data in table 2 for Experiment V show that neither i gm. of thiouracil nor o. ~ gm. of propylthiouracil per lamb daily affected the gross thyroid weight. No pronounced differences in the glands were observed when they were examined microscopically. Nine additional animals handled as trios and treated the same as those in Experiment V were continued on increased levels of thiouracil and propylthiouracil for various periods of time. Treatment for 3 weeks with either 3 gin. of the thiouracil or r gin. of propylthiouracil resulted in increased size of the gland and marked hyperplasia. Two gin. of thiouracil administered for the same period did not produce such definite changes in the thyroid glands.
In the summer of i947 four-to five-month-old lambs from the Purdue University Flocks did not show pronounced effects from the administration of 89 gm. or i gm. of thiouracil (table 2 Experiment VI). The thyroids from these iambs all showed some hypertrophy and hyperplasia which was most marked in the case of those of Rambouillet breeding.
In Experiment VII treatment with 3 gin. of thiouracil or i gln. of thiourea caused marked changes in the thyroid. Histological changes were evident at the earliest period of examination, 2~ days for the thiourea treated lambs, and 27 days for those receiving 3 gm. of thiouracil. The follicular epithelium Was taller in the glands from the lambs that received i.~ gin. of thiouracil than on the controls even though the gross weight was not greater.
The reasons for the marked effects of small intakes of thiouracil on the thyroid glands in Experiment I and not in subsequent experiments have not been determined. It seems possible that the goitrogenic effect of the drug used in this experiment was much greater than that used thereafter. Variation in the experimental animals offers the only other explanation for the results obtained. The possibility of the drugs exhibiting a greater effect as a result of borderlin~ iodine deficiency of the animals cannot be overlooked. The thyroids from the control lambs were not enlarged although some of them were not typically normal.
With the exception of Experiment I these data indicate that approximately 3 gm. of thiouracil per lamb daily are required to cause marked effects on the thyroid gland of western feeder lambs. This is roughly o.~ percent of the ration and is in the range of levels that have been reported to be effective with the rat, chicken and hog. Thiourea had a more pronounced goitrogenic effect on sheep than thiouracil. Results of these experiments indicated it was at least three times as effective as thiouracil. Although effective levels of propylthiouracil were used on only two animals, indications were that it was also more effective per unit weight for sheep than thiouracil.
Components of the Blood
Cholesterol. The administration of i to 3 gm. of thiouracil to feeder lambs resulted in most instances in increased blood plasma cholesterol. Treatment with i or 3 gm. of thiouracil per sheep daily in Experiment IV caused a highly significant increase in the blood plasma cholesterol, however ~ gin. of thiouracil did not cause a marked effect (table 3)-The average values show that blood cholesterol increased about 30 percent above pretreatment values.
In Experiment V the first drugs were administered to four of the trios on February 3. These same animals were shorn later. The other two trios were started on treatment February :~7, and the animals in one of these trios received twice the daily drug dosage of the other trios in the experiment. Average cholesterol values for the animals started on treatment February 3, are shown in table 4-It will be noted that under the conditions of this experiment, cholesterol values for the animals receiving i gm. of thiouracil were higher than the controls for the first two weeks of treatment only. The differences were highly significant the first week (P <o.oi) and significant for the second week (P <o.o~). Much of the increase shown for the second week was due to one animal which had eaten only four pounds of feed for the of the time. Many of the animals lost weight on the two successive weeks following shearing. Table 4 (Experiment VA) shows the effect on one of the trios of doubling the dosage of the drug. These animals were not shorn so this additional variable does not interfere with the data obtained. In this one instance gins. of thiouracil were effective in maintaining the cholesterol at an increased level. The increased dosage of propyhhiouracil had no noticeable effect on the cholesterol values. In a second trio that was not shorn but received only x gin. of thiouracil or o.l gin. of propylthiouracil a significant increase in cholesterol occurred in the lamb receiving thiouracil t:or the second week of treatment only.
Cholesterol values were not checked routinely in Experiment VII. However, the results in table 3 show that treatment with 1.5 and 3 gm. of thiouracil and 1 gm. of thiourea caused a significant increase in blood cholesterol over the control lambs (P<o.o~). The erratic fluctuation of the values reported for the thiourea treated lambs is believed to be associated with the effects the drug had on feed consumption and weight loss. The lambs went off feed and lost an average of eleven pounds per lamb during the first two weeks of treatment. Following this loss they made very little gain the next 9o days. The increase in cholesterol during periods of weight loss is in agreement with that observed in Experiment V. However, it is not in agreement with the work of Entenman, Chaikoff and Reichert (1947,) , which showed that the rise m cholesterol of thyroidectomized dogs could be prevented by fasting or by limitation of the caloric intake.
The bkxxt cholesterol level of several lambs selected at random on each treatment the latter part of the feeding period of Experiment iII showed a significantly higher blood cholesterol level (F' <o.ot) for the lambs receiving o.63 gm. of thiouracil daily in the feed than for the controls, those receiving o.4~ gm. of thiouracil or those receiving thyroprotein (table 3) .
Vitamin A and Carotene. A check of several animals on each treatment during the latter part of Experiment I and II I showed that the average blood plasma vitamin A level did not vary as a result of the treatments (o.~8 to I.~5 gm. of thiouracil, o.o5" to o.07 g,n. of thiourea and o.5" to 1.o gm. of thyroprotein). Similarly, blood plasma vitamin A levels of thiouracil-treated lambs in Experiment IV did not differ significantly from control animals after 75 days on dry feed. However, when the carotene intake was increased by permitting the animals to graze on green pasture the blood plasma vitamin A of the controls was significantly higher than for animals receiving ~ gin., 1 gin., and 3 gm. of thiouracil (table S). The blood plasma carotene content tended to be higher in the thiouracil-treated than in the control animals as shown in the table. Blood plasma vitamin A levels did not vary as a result In Experiment VII thiouracil treatment did not alter the blood plasma vitamin A level; however, i.o gin. of thiourea caused a marked drop in two lambs studied. This drop had occurred when the first check was made 7 weeks after the beginning of treatment and the low leve~ was maintained for the duration of the experiment. The fact that the feed intake of the thioureatreated lambs dropped off markedly with the initiation of treatment, and was only sufficient to maintain body weight for most of the experiment, may have been responsible for this lower blood plasma vitamin A level. There was no significant amount of carotene in the blood plasma of any of the lambs on the dates tested.
Although there is evidence in the literature that hypothyroidism is associated with reduced ability to convert carotene to vitamin A (Fasoid and Heidemann, I933-34; and Woh[ and Feldman, 1939 ) the extent of the hypothyroidism produced in feeder Iambs by thiouracil in these experiments did not interfere su~ciently to influence the blood plasma carotene or vitamin A while the animals were being fed in dry lot. The fact that the carotene content of the blood was very low even when the animals were on a high carotene intake indicates that there was no serious interference with their ability to convert carotene to vitamin A.
Blood Plasma Proteins. Determinations for total protein, albumin "~nd globulin in the blood plasma were made during the latter part of Experiment IV. An a,zerage of 3 analyses showed a significantly higher globulin level (P < o.o0 in the blood plasma of the lambs receiving i and 3 gin. of thiouracil than in control lambs. However, no pretreatment values were available for compari~n.
Total protein, albumin, globulin and fibrinogen were determined on each of the i8 animals in Experiment V on 3 successive weeks prior to initiation of treatment and approximately every two weeks during the experiment. Table 6 shows the results of the analyses. The pretreatment values and those for the first six-week period are averages of 3 determinations on each lamb and those for the second four-week period are averages of :~ determinations on each lamb. Neither thiouracil at the rate of i gm. nor propylthiouracil at the rate of o. i gm. per lamb daily caused any significant variation in the different protein fractions. Although the serum globulin did not increase in the thiouracil treated lambs as reported for thiourea-fed rats by Leathern Blood Sugar. Examination of the blood sugar content of thiouracil-treated sheep (Experiment IV) at two-week intervals for a period of io weeks did not show any significant changes as compared with pretreatment values or with the control animals. Average values for the last four weeks of treatment expressed in rag. of blood sugar per Ioo ml. of blood were 7e, 69, 7o, and 67 for the controls, and those receiving 1 gm., ~ gin. and 3 gins. of thiouracil per day, respectively.
Hemoglobin, Erythrocyte Counts and Leukocyte Counts.
A spot check was made on a limited number of lambs administered thiouracil and thiourea in PttYSlOLO(;ICAL EFFECTS OF TttlOUI~.ACIL 4OI the feed at the close of Experiment I and periodic checks were lnade of the sheep administered thiouracil in capsules (Experiment IV) for b!oocl hemoglobin, erythrocyte counts and leukocyte counts. The results showed that these blood components were not affected by thiouracil intakes of o.t8 to 3.o gms. and thiourea intakes of o.o~ to o.o7 gin. per lamb daily for periods of approximately ~2 weeks.
Summary and Conclusions
Thiouracil administered in the feed of feeder lambs at levels b~low one gram per lamb per day resulted m marked stimulation of the thyroid glands in only one of three years experiments. In this one experiment the thyroids from lambs receiving as little as o.i8 gin. of thiouracil per lamb daily were times heavier than the glands from control animals and showed marked histological evidence of stimulation. Thiourea also caused marked stimulation of the thyroid glands. In two of the experiments the thyroids from lambs receiving o.:~ to 0.6 gin. of thiouracil per day were smaller than the thyroids from control Iambs and histologically the glands from treated animals were very similar to those from the controls.
Thyroid glands from lambs administered o.~ gin. and i.o gm. of thyroprotein per head daily in the feed were larger than the thyroids from controls and thiouracil treated lambs. Histologically the thyroids from the thyroprorein treated lambs were easily detected by the very low or flat follicular epithelium and the general appearance of inactivity.
Thiouracil administered orally in capsule or tablet form to feeder lambs at levels up to i.S gin. per lamb per day for rio days exhibited very little goitrogenic effect. However, the effect was evident at a level of 3 gm. per day. The glands were enlarged and showed histological evidence of stimulation.
The oral administration of ~ gm. of thiourea per lamb daily in tablet form caused marked stimulation of the thyroid gland and seriously limited feed consumption and rate of growth.
Propylthiouracil administered orally at the rate of o.i gin. per day in tablet form did not affect the thyroid gland significantly; however, marked evidence of stilffulation resulted from the administration of x.o gm. of propylthiouracil for three weeks.
Blood plasma cholesterol was increased approximately 3o to 40 percent as a result of administering thiouracil and thiourea to feeder Iambs. This increase was quite generally obtained on thiouracil intakes of i to 3 gin. per day and was noted in a group of fattening lambs receiving o.6 gm. of thiouracil in the feed.
A marked increase in blood plasma cholesterol was noted in lambs losin: weight regardless of thiouracil treatment.
